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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a directivity circuit and relates to the 
directivity circuit which operates as a circulator of a nonradioactive dielectric line 
especially. 
[0002] 

[Description of the Prior Art] Conventionally, the NRD circulator circuit shown in 
drawing 4 is known as a directivity circuit using a nonradioactive dielectric line (it is 
called a NRD guide below Non-Radiative Dielectric Waveguide;). 
[0003] The upper conductor is omitted and drawn in drawing 4 . a NRD circulator circuit 
~ the ferrite disk 5 — the upper and lower sides — a conductor ~ the mode suppressor 4 
and the dielectric strip 3 allot and constitute so that it may allot so that a plate may be 
touched, and the exterior may be surrounded and each port may serve as 120-degree 
arrangement — having ~ the upper and lower sides — a conductor ~ a plate and the ferrite 
disk 5 ~ vertical — the upper and lower sides ~ a conductor ~ it operates as a circulator 
by impressing the direct-current bias field HO from from outside a plate. 
[0004] 

[Problem(s) to be Solved by the Invention] However, if it was in such a conventional 
directivity circuit (NRD circulator circuit), as shown in drawing 5 , it needed to connect 
with connection with an external circuit through the NRD guide bend line 6 and 6'. 
Because, although the input/output port of a circulator is usually allotted to the symmetry 
of revolution at an include angle theta 0 (= 120 degrees), since the circuit usually used 
well has many rectangle molds which make rectangular coordinates the keynote, it must 
bend 120 degrees in each direction, such as 0 degree, 90 degrees, 180 degrees, and 270 
etc. degrees. Under the present circumstances, on the NRD guide bend line, the radius of 
curvature Ri of the bend bent by no losing will be discretely given as a fimction of thetai, 
if the dielectric line width of face b, dielectric constant epsilonr, and angle-of-bend thetai 
are decided. For this reason, the magnitude (area) of a bend line will become large 
unexpectedly, for this reason, the location where the external circuit connected out of 
each port of a circulator is allotted — from the circulator body section ~ rather ~ **** ~ 
it becomes things. Therefore, there is a trouble that the area of the whole circuit through a 
circulator will grow large. 

[0005] In addition, the NRD bend line is indicated by "the Showa lECE synthesis 

national conference in the 57 fiscal year, N.756", etc., for example. 

[0006] This invention was made paying attention to such a conventional trouble, is in the 

condition which avoided mode confiision generating, and aims at offering the 

nonradioactive dielectric line at which a path breaks into comiform with an arbitration 

include angle, and turns at it. 

[0007] 

[Means for Solving the Problem] In order to attain the above-mentioned object, according 
to the 1st mode of this invention, it has two or more ports, and has two or more 
nonradioactive dielectric lines for connecting each above-mentioned port with the 
resonator constituted including the magnetic substance in an external circuit, and the 
directivity circuit characterized by each above-mentioned nonradioactive dielectric line 
including mode suppressor structure at a part of transmission route [ at least ] is offered. 



[0008] Here, each above-mentioned nonradioactive dielectric line may be constituted by 
mode suppressor structure covering all transmission routes. 

[0009] Each above-mentioned nonradioactive dielectric line can oppress the unnecessary 
mode which it is formed in the configuration which has the flection to which a 
transmission route bends on the other hand, all flections are surrounded by mode 
suppressor structure even if it constitutes so that mode suppressor structure may be 
included in the transmission route of Hazama of the edge for connecting with an external 
circuit, and the above-mentioned flection, and is sensed for an external circuit. 
[0010] In addition, the element nonradioactive dielectric line of 2 which has a straight- 
line-like transmission route each above-mentioned nonradioactive dielectric line It may 
be arranged and formed so that it may touch through an opening in the above-mentioned 
flection. It may be arranged and the element nonradioactive dielectric line of 2 which has 
a straight-line-like transmission route may be formed so that it may touch through an 
opening in the above-mentioned flection, and a metal wall may be prepared in the 
enclosure of the above-mentioned flection in the condition of touching the element 
nonradioactive dielectric line of the above 2. 

[00 11] Here, in the above-mentioned mode, the direction of the transmission route in the 
edge for connecting with the external circuit of two or more above-mentioned 
nonradioactive dielectric lines can be constituted so that it may intersect perpendicularly 
or be mutually concurrent. Connecting the external circuit arranged in accordance with 
rectangular coordinates by this can be easily realized in small size. 
[0012] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is 
explained with reference to a drawing. 

[0013] First, with reference to drawing 1 , a nonradioactive dielectric line (it is called a 
NRD guide below Non-Radiative Dielectric Waveguide;) is explained. 
[0014] drawing 1 ~ setting ~ a nonradioactive dielectric line - the upper and lower sides 
- a conductor ~ plates 1 and 2 and the upper and lower sides - a conductor - it has a 
plate 1 and the dielectric strip line 3 across which it faces two, and is constituted, and the 
upper and lower sides ~ a conductor — the plate spacing a is set as a<lambda 0/2 to the 
free space wave length lambda 0 of the signal frequency to be used. 
[0015] Next, the transmission mode of a NRD guide is explained with reference to 
drawing 2 . As a transmission mode of a NRD guide, the LSMOl mode shown in (a) of 
drawing 2 and the LSEOl mode shown in (b) of drawing 2 are mentioned. The LSMOl 
above-mentioned mode has small loss, and, on the other hand, the LSEOl mode is the 
mode of loss nature. For this reason, in the signal transmission in a NRD guide, the 
LSMOl mode is used as the dominant mode. The LSEOl above-mentioned mode can be 
oppressed by inserting a mode suppressor. As a mode suppressor, the mode suppressor 4 
shown in drawing 3 can be used, for example, the cross section where the mode 
suppressor 4 contains the axis of circulation of the dielectric strip 3 in drawing 3 - setting 
~ an axis of circulation ~ meeting ~ and the direction of the electric field in LSE mode — 
parallel ~ a choke ~ the conductor is formed. 

[0016] The mode suppressor 4 has the work which oppresses the modes, such as LSE(s) 
other than the LSMOl mode which is the dominant mode of a NRD guide, and TEM, 
(SAPURESU). For this reason, a line is followed on having bent to comiform, and also 
change generating to the mode can be suppressed. 



[0017] By this invention, using this mode suppressor, where a circuit property is held as 
much as possible, the miniaturization of a circuit is in drawing. 
[0018] First, with reference to drawing 6 , the gestalt of operation of the 1st of this 
invention is explained, the following drawings ~ explanation ~ for convenience ~ the 
upper part — a conductor — the plan in the condition of having omitted the plate is drawn. 
[0019] In drawing 6 , on circulator circuit 7', a circulator circuit is constituted and an 
external circuit is given to port **, **, and **, respectively by the ferrite disk 5, the mode 
suppressor 4, comiform bending mode suppressor 4', and 4'. In addition, on the occasion 
of circulator actuation, the DC-bias field HDC is impressed at right angles to a ferrite 
disk. This is omitted in the following explanation. 

[0020] In drawing 6 , the condition of having given the external circuit to I/O, **, and ** 
is drawn in port **. In this drawing, since it is connectable with an external circuit 
without the fixed curvature bend line shown in drawing 5 by preparing comiform 
bending mode suppressor 4' and 4', the circulator circuit aspect product can be 
remarkably made small. 

[0021] Moreover, above-mentioned mode suppressor 4' and 4' have suppressor structure 
over the shaft-orientations order of the comiform bending section. 
[0022] Next, the directivity circuit using a bend line is mentioned as the example of 
contrast, and an operation of the gestalt directivity circuit of this operation is explained. 
[0023] In the example of contrast shown in drawing 5 , if a line is usually bent to 
comiform without a NRD bend line, in connection with generating the iinnecessary mode 
and the generated unnecessary mode and the dominant mode (LSM mode) interfering, 
transmission loss will increase remarkably (for example, 3-5dB or more), and a band 
property will be spoiled. 

[0024] On the other hand, only in the part without the sector part on a bend line, in the 
example which is shovra in drawing 6 and which applied this invention, area is small 
compared with the example of contrast of drawing 5 . 

[0025] That is, it continues before and after the shaft orientations of the comiform 
bending section of the NRD line which is a part for the principal piece of xmnecessary 
mode promotion, and the mode suppressor for xmnecessary mode oppression is in close. 
For this reason, loss increases remarkably or spoiling a transmission band property 
greatly is lost (although the slight loss (for example, about 0.1 dB) accompanying mode 
suppressor insertion occurs). 

[0026] Next, with reference to drawing 7 , the gestalt of operation of the 2nd of this 
invention is explained. 

[0027] In drawing 7 , it is not at the whole comiform ups-and-downs section, and the 
mode suppressors 4 and 4 are allotted before and after 9 through the ups-and-downs 
section dielectrics 9 and 9. 

[0028] Next, with reference to drawing 8 , the gestalt of operation of the 3rd of this 
invention is explained. 

[0029] In drawing 8 , it is the type which sees from the circulator ferrite 5 and allots the 

mode suppressor 4 only to the outermost part of each port of a circulator. 

[0030] Next, with reference to drawing 9 , the gestalt of operation of the 4th of this 

invention is explained. The gestalt of this operation is different in the point that the ups- 

and-dovras section dielectric is omitted, to the gestalt of the 2nd operation. 

[0031] In drawing 9 , it is the type to which the ups-and-downs section dielectric 9 is 



omitted, and the NRD guide of 2 is connected through an opening 10. Although 
transmission-signal loss and reflection loss become large compared with the example 
shown in drawing 7 and drawing 8 since the opening section is minded, it can constitute 
from this example most cheaply and plainly. 

[0032] Next, with reference to drawing 10 , the gestalt of operation of the 5th of this 
invention is explained. 

[0033] As shown in drawing 10 , while lessening signal energy which compensates the 
fault of drawing 9 , allots the metal block 1 1 between the ups-and-downs section opening 
10 and the mode suppressors 4 and 4, and escapes from an opening 10 to the exterior, it 
has the effectiveness which make a signal easy to transmit between dielectric strips 
(mode suppressor). For this reason, compared with drawing 9 , a transmission band 
becomes large, and transmission loss is also stopped low. 
[0034] 

[Effect of the Invention] As explained above, according to this invention, the 
effectiveness of enumerating below is acquired. 

[0035] 1. A NRD circulator becomes small (it is connectable by the external circuit and 
rectangular coordinates). 

[0036] 2. Since it is constituted by simple components called an ups-and-downs 
suppressor or a straight suppressor, a straight dielectric strip or an opening and an 
opening, and a metal block, it can make very cheaply. 

[0037] 3. The external drawing include angle of each output port of a circulator can be 
mostly set as arbitration. 



